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This application is a continuation-in-part (CIP) of 
U.S. Serial Nos . 08/630,984, filed April 12, 1996; and a. - 
CIP of 08/470,271, filed June 6, 1995 entitled LCD WITH 
INCREASED PIXEL OPENING SIZES, and a CIP of 08/671,376, 
filed June 27, 1996, the disclosures of which are all 
hereby incorporated herein by reference. Also, this 
application is related to commonly owned U.S. Patent No. 
5,641,974, and Serial No. 08/832,345, the disclosures of 
which are incorporated herein by reference. 

HIGH APERTURE LCD WITH 
INSULATING COLOR FILTERS 
nw.PT.APPINO PTTS LINES ™ aPTTVR SUBSTRATE 

This invention relates to a liquid crystal display 
(LCD) having an increased pixel aperture ratio and 
different colored polymer filters. More particularly, 
this invention relates to a liquid crystal display 
including an array of TFTs wherein photo- imageable color 
filters having contact vias or apertures disposed therein 
are located on the active substrate between the address 
, lines and pixel electrodes so that the pixel electrodes 
and color filters may both be permitted to overlap at 
least one of the row and column address lines without 
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exposing the system to capacitive cross-talk, thereby 
providing an efficient and commercially improved high 
aperture LCD. 

•RftCKTTROIINP ™ TKK INVENTION 
Electronic matrix arrays find considerable 
application in X-ray image sensors and active matrix 
liquid crystal displays (AMLCDs) . Such AMLCDs generally 
include X and Y (or row and column) address lines which 
are horizontally and vertically spaced apart and cross at 
an angle to one another thereby forming a plurality of 
crossover points. Associated with each crossover point 
is an element (e.g. pixel) to be selectively addressed. 
These elements in many instances are liquid crystal 
display pixels or alternatively the memory cells or 
pixels of an electronically adjustable memory array or X- 

ray sensor array. 

Typically, a switching or isolation device such as a 
diode or thin-film transistor (TFT) is associated with 
each array element or pixel . The isolation devices 
o permit the individual pixels to be selectively addressed^ 
by the application of suitable potentials between 
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respective pairs of the X and Y address lines. Thus, the 
TFTs act as switching elements for energizing or 
otherwise addressing corresponding pixel electrodes. 

Amorphous silicon (a-Si) TFTs have found wide usage 
for isolation devices in liquid crystal display (LCD) 
arrays. Structurally, TFTs generally include 
substantially co-planar source and drain electrodes, a 
thin- film semiconductor material (e.g. a-Si) disposed 
between the source and drain electrodes, and a gate 
electrode in proximity to the semiconductor but 
electrically insulated therefrom by a gate insulator. 
Current flow through the TFT between the source and drain 
is controlled by the application of voltage to the gate 
electrode. The voltage to the gate electrode produces an 
electric field which accumulates a charged region near 
the semiconductor-gate insulator interface. This charged 
region forms a current conducting channel in the 
semiconductor through which current is conducted. Thus, 
by controlling the voltage to the gate and drain 
electrodes, the pixels of an AMLCD may be switched on and 
off in a known manner. 
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Typically, pixel aperture ratios (i.e. pixel 
openings) in non- over lapping AMLCDs are only about 50% or 
less. As a result, either display luminance is limited ; 
or backlight power consumption is excessive, thereby 
precluding or limiting use in certain applications. 
Thus, it is known in the art that it is desirable to 
increase the pixel aperture ratio or pixel opening size 
of LCDs to as high a value as possible so as to 
circumvent these problems. The higher the pixel aperture 
ratio (or pixel opening size) of a display, for example, 
the higher the display transmission. Thus, by increasing 
the pixel aperture ratio of a display, transmission may 
be increased using the same backlight power, or 
alternatively, the backlight power consumption may be 
reduced while maintaining the same display luminance. 

Itt is known to overlap pixel electrodes over address 
lines in order to increase the pixel aperture ratio.. For 
example, "High-Aperture TFT Array Structures' 1 by K. 
Suzuki discusses an LCD having an ITO shield plane 
configuration having a pixel aperture ratio of 40% and 
pixel electrodes which overlap signal bus lines. An ITO 
pattern in Suzuki located between the pixel electrodes 
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and the signal lines functions as a ground plane so as to 
reduce coupling capacitance between the signal lines and 
the pixel electrode. Unfortunately, it is not always 
desirable to have a shield electrode disposed along the 
length of the signal lines as in Suzuki due to production 
and cost considerations. The disposition of the shield 
layer as described by Suzuki requires extra processing 
steps and thus presents yield problems. Accordingly, 
there exists a need in the art for a color LCD with an 
increased pixel aperture ratio which does not require an 
ITO shield plane, structure to be disposed between the 
signal lines and pixel electrode. 

It is old and well-known to make TFT arrays for LCDs 
wherein address lines and overlapping pixel electrodes 
are insulated from one another by an insulating layer. 
For example, see U.S. Patent Nos . 5,055,899; 5,182,620; 
5,414,547; 5,426,523; 5,446,562; 5,453,857; and 
5,457,553. 

U.S. Patent No. 5,182,620 discloses an AMLCD 
including; pixel electrodes which at least partially 
overlay the address lines and additional capacitor lines 
thereby achieving a larger numerical aperture for the 



o 



display. The pixel electrodes are insulated from the 
address lines which they overlap by an insulating layer 
formed of silicon oxide or silicon nitride. 
Unfortunately, the method of making this display as well 
5 as the resulting structure are less than desirable 

because: (i) chemical vapor deposition (CVD) is required 
to deposit the silicon oxide or silicon nitride 
insulating film; (ii) silicon oxide and silicon nitride 
are not photo -imageable (i.e. contact holes or vias must 
10 be formed in such insulating layers by way of etching) ; 

and/or (iii) the dielectric constants of these materials 
are too high and thereby render the LCD susceptible to 
cross-talk problems. Still further, the x 620 patent does 
not discuss or contemplate color filter issues. As a 
15 result of these problems, the manufacturing process is 
both expensive and requires more steps than would be 
otherwise desirable. For example, in order to etch the 
contact holes in an insulating layer, an additional 
photoresist coating step is required and the user must be 
20 concerned about layers underneath the insulating layer 
during etching. With respect to CVD, this is a 
deposition process requiring expensive equipment. 
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Furthermore, if the color filters are on the passive 
substrate, as they typically are, alignment of the active 
and passive plates is difficult and requires expensive 
equipment and expertise. 

In the prior art, color filters in active matrix 
liquid crystal displays (AMLCDs) are typically located on 
the substrate (the passive plate or substrate) which 
opposes the active matrix substrate. In other words, the 
color filters and TFTs (or diodes) are typically located 
on different substrates, on opposite sides of the liquid 
crystal (LC) layer [e.g. see U.S. Patent No. 5,499,126]. 
Black matrix formation is also typically provided on the 
color filter substrate. The provisions of the black 
matrix and color filters on the substrate opposite the 
active matrix is, of course, costly, time consuming, and 
requires numerous manufacturing steps. As discussed 
above, this also. requires difficult and time consuming 
alignment steps. 

The LCD structure disclosed in U.S. Patent No. . 
5, 641, 974 utilizes a transparent polymer insulating layer 
on the active substrate to provide isolation between 
address lines and overlapping pixel electrodes. While 
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this- design work well and achieves superior results, it 
unfortunately, in practice, requires each of: (i) 
providing the transparent polymer insulating layer on the 
active substrate; (ii) providing color filters on the * 
opposite substrate; (iii) providing a black matrix on the 
color filter substrate; (iv) very accurate plate-to-plate 
(i.e. substrate-to-substrate) alignment; and (v) the 
process steps required for (ii) - (iv) above. 

It is apparent from the above that there exists a 
need in the art for an improved high aperture AMLCD 
design, and method of manufacturing same, which (i) 
reduces the number of total manufacturing process steps 
required; (ii) eliminates the need for the combination of 
(a) the optically transparent insulating layer sandwiched 
between the address lines and pixel electrodes, and (b) 
the color filters; (iii) reduces the need for the black 
matrix on the substrate opposite the active substrate; 
(iv) provides for a high pixel aperture ratio; and/or (v) 
reduces the accuracy required in plate-to-plate alignment 
(i.e. eliminates the need for sophisticated alignment 
machines) . 
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It is a purpose of this invention to fulfill the 
above-described needs in the art, as well as other needs 
which will become apparent to the skilled artisan from 
the following, detailed description of this invention. 

SUMMARY OF THE INVENTION 
Generally speaking, this invention fulfills the 
above -described needs in the art by providing a high 
aperture color LCD including color filters, the display 
comprising: 

first and second substrates ; 

a liquid crystal layer sandwiched between the first 
and second substrates ; 

first and second different colored pixels, said 
first pixel including on said first substrate a first 
pixel electrode, a first insulating color filter, and a 
first thin film transistor (TFT) , and said second pixel 
including on the first substrate a second pixel 
electrode, a second insulating color filter, and. a second 
TFT, wherein said first and second color filters are 
differently colored; 
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the first and second pixel electrodes overlapping 
with corresponding address lines in communication with 
TFTs so as to define a high aperture display, the 
overlapping forming areas of overlap; 

the first insulating color filter being at least 
partially disposed in an area of overlap in the first, 
pixel, the first color filter having a dielectric 
constant of less than about 5.0 and having a first ■ 
contact hole defined therein that allows the first pixel 
electrode to be electrically connected to the first TFT; 
and 

said second insulating color filter being at least 
partially disposed in an area of overlap in the second 
pixel, the second color filter having a dielectric 
constant less than about 5.0 and having a second contact 
hole defined therein that allows the second pixel 
electrode to be electrically connected to the second TFT. 

In certain embodiments, each of the first and second 
color filters are of a photo- imageable material that 
includes a color dye or pigment . 

In certain embodiments, the LCD includes arrays of 
only two colored pixels, while in other embodiments the 

11 



o 



o 



display may include arrays of three differently colored 
pixels, or four differently colored pixels. 

Surprisingly, it has been found that the thickness 
of the metal pixel electrode layers (e.g. ITO) should be 
from about 300 A - 900 A (preferably about 600 A) in this 
invention in order to reduce the interface stress between 
the pixel electrodes (e.g. ITO) and the color filters. 

This invention further fulfills the above-described 
needs in the art by providing a method of making a color 
LCD having insulating color filters, the method 
comprising the steps of: 

providing first and second substrates; 

providing a liquid crystal material; 

forming an array of isolation switching elements on 
the first substrate and a plurality of address lines in 
communication with the isolation switching elements ; 

depositing a first resist color filter layer on the 
first substrate over top of the address lines and the 
switching elements; 

photo- imaging the first resist color filter layer so 
as to pattern it into a first array on the first 
substrate so that color filters in the first array are of 
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a first color and overlap at least a portion of at least 
one address line; 

depositing a second resist color filter layer of a 
second color over top of the first array of color 
filters; 

photo- imaging the second resist color filter layer 
so as to pattern it into a second array so that color 
filters in the second array overlap at least a portion of 
at least one address line; 

forming contact holes in color filters in each of 
the first and second arrays; 

depositing a conductive pixel electrode layer over 
top of the first and second arrays of color filters; and 

patterning the electrode layer so as to form an 
array of substantially transparent pixel electrodes 
wherein pixel electrodes in the array overlap address 
lines which are also overlapped by color filters so that 
the color filters act as insulators between the pixel 
electrodes and the address lines in the areas of overlap 
wherein each of the pixel electrodes is in electrical 
communication with a corresponding switching element 
through one of the contact holes . 

13 
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In certain preferred embodiments, each of the color- 
filters has a dielectric constant less than or equal to... 
about 4.0 so as to reduce cross -talk and coupling 
capacitance in the areas of overlap. 

This invention will now be described with reference 
to certain embodiments thereof as illustrated in the 
following drawings. 

IN THE DRAWINGS 
Figure 1 is a top view of an AML.CD active plate 
according to one embodiment of this invention, this 
figure illustrating a plurality of different colored 
pixels wherein the illustrated pixel electrodes 3 and 
corresponding color filters 101 - 104 are overlapping 
surrounding and proximate row and column address lines 
along their respective lengths throughout the pixel area 
so as to increase the pixel aperture ratio of the 
display. 

Figure 2 is a top view of the column or drain 
address lines and corresponding drain electrodes of the 
AMLCD of Figure 1, this figure also illustrating the TFT 
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source electrodes disposed adjacent the drain electrodes 
so as to define the respective TFT channels. 

Figure 3 is a top view of the pixel electrodes of 
Figure 1 and the corresponding insulating color filters, 
except for electrode extensions. 

Figure 4 is a side elevational cross- sectional view 
of a linear shaped TFT and corresponding color filter and 
pixel electrode of Figures 1 - 3 . , 

Figure 5 is a side elevational cross-sectional view 
of the AMLCD of Figures 1 and 4, except that this figure 
does not illustrate the insulating color filters or TFTs . 

Figure 6(a) is a top view of an AMLCD active plate 
according to another embodiment of this invention. 

Figure 6(b) is a side cross-sectional view of the 
Figure 6(a) AMLCD, along A- A. 

Figure 6 (c) is a side cross-sectional view of a 
portion bf the display according to the Figure 6 (a) along 
B-B, this embodiment illustrating the color filters and 
pixel electrodes overlapping respective address lines and 
TFTs on the active matrix plate, this embodiment 
differing from the previously illustrated Figure 1 
embodiment in that the gate electrode in this embodiment 
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protrudes at a 90° angle from the gate line so as to be - 
parallel to the drain line, in each pixel. 

Figures 7 - 10 are side elevational cross-sectional 
views illustrating how the active matrix in the display 
of Figure 1 is manufactured according to an embodiment of 

this invention. 

Figure 11 is a top view of an array of colored 

pixels, illustrating the array of color filter strips 

extending across the viewing area according to the Figure 

6 embodiment . 

DETAILED DESCRIPTION OF 
CERTAIN EMBODIMENTS OF THIS INVENTION 

Referring now more particularly to the accompanying 

drawings in which like reference numerals indicate like 

parts throughout the several views. 

Figure 1 is a top view of four different colored 

pixels (red, green, blue, and white) in an array on the 

active plate of an active matrix liquid crystal display 

(AMLCD) 2 according to an embodiment of this invention. 

This particular portion of the display includes an array 

pixel electrodes 3, drain address lines 5, gate address 

lines 7, an array of four thin- film transistors (TFTs) 9 
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auxiliary storage capacitors 11, and finally insulating 
color filters 101 - 103 (the peripheries of these color 
filters are illustrated in broken or dotted lines) and 
optional substantially clear polymer layer 104. The 
color layer 104 defines white pixel (s) . Each storage 
capacitor 11 is defined on one side by a gate line 7 and 
on the other side by an independent storage capacitor 
electrode 12 . Storage capacitor electrodes 12 are formed 
along with drain electrodes 13. 

For example, the number of total process steps on 
the active and passive plates is reduced, and the active 
to passive plate alignment is much easier and less 
important. In some embodiments, up to three or more 
photo steps in manufacturing can be eliminated. 

As shown, the longitudinally extending edges of each 
pixel electrode 3 and each color filter 101 - 103 at 
least partially overlap both drain lines 5 and gate lines 
7, respectively, along edges thereof so as to increase 
the pixel aperture ratio (or pixel opening size) of the 
color AMLCD. The optically clear layer 104 in each white 
pixel also overlaps the address lines. Optionally, only 
one of the gate lines and drain lines may be at least 
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partially overlapped by the pixel electrode and color 

filter of a given pixel. 

The red, green, and blue pixels are provided with 

color filters 101 - 103, respectively, while the white 

pixel may or may not be provided with clear layer 104. 

The areas of overlap between the address lines (e.g. 

gate and/or drain) and the overlapping pixel electrodes 

and color filters are referred to as overlap areas 18. 

In each of these areas 18 of overlap between the (i) 

address line(s) 5, 7, and (ii) pixel electrodes 3 and 

color filters 101 - 103 (and insulating layer 104) , a 

pixel-line (PL) capacitor is defined by an electrode 3 on 

one side and the overlapped conductive address line 5, 7 

on the other side. The dielectric disposed between the 

opposing electrodes of these PL capacitors is represented 

by the insulating color filters 101 - 103 (e.g. see 

Figures 4 and 6) in the colored pixels and layer 104 in 

white pixels. The parasitic capacitance C Pij of these 

capacitors is defined by the known equation: 

C PL — e e 0 ! A 

d 

where "d" is the thickness of -the color filter layer, e . 
is the dielectric constant of the color filter, e 0 is the 
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constant 8.85 x 10' 14 F/cm (permitivity in vacuum), and - 
n A" is the area of the PL capacitor in the overlap area . . 
18 at issue. The fringing capacitance may also be taken 
into consideration in a known manner. Also, according to 
certain other embodiments, the color filters 101 - 103, 
and layer 104, are of a material and thickness so that C PL 
is less than or equal to about 0.01 pF for a display with 
a pixel pitch reference of about 150 /xm. When the pixel 
pitch is smaller than this reference of 150 //m, C PL should 
be scaled to a lower value as well because overlap 
area(s) 18 are smaller. Additionally, the pixel aperture 
ratio of the LCD decreases as the pixel pitch decreases, 
as is known in the art. The pixel pitch of AMLCD 2 may 
be from about 40 to 5,000 /xm according to certain 
embodiments of this invention. The pixel pitch, as known 
in the art, is the distance between centers of adjacent 
pixels in the array. 

An important aspect of this invention is the fact 
that, as illustrated in Figure 1, the color filters 101 - 
103 (and layer 104) are provided on the active matrix 
substrate (i.e. on the active plate), and act as 
insulators in these capacitors between overlapping pixel 
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electrodes 3 and address lines. Accordingly, the color 
filters 101 - 103 and layer 104 are patterned on the 
active plate so that they also overlap the corresponding 
address lines so as to insulate them from the overlapping 
pixel electrodes 3,.. The color filters 101 - 103 and 
layer 104 are patterned on the active plate so that . 
different color filters are spaced from one another, 
between adjacent pixels, by from about 0.5 to 2.0 £*m in 
certain embodiments. Thus, a gap U P" or space of this 
width is provided over address lines between pixels, the 
gap W P" defined as the distance between filters. This 
design simplifies the manufacturing process for forming 
the AMLCDs, and results in a more efficient display and 
method of manufacture. 

As illustrated in Figure 1, color filter 101 is a 
red color filter, color filter 102 is a green color 
filter, Color filter 103 is a blue color filter, and 
layer 104 is a substantially clear material as in U.S. 
Patent No. 5,641,974). Each of color filters 101 - 103 
is of a photo -imageable material, with a respective color 
filter pigment added thereto. Layer 104 may also be 
photoimageable . The colors of the respective filters 101 
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- 103 need not be limited to these particular colors, but 
may also assume different colors in alternative 
embodiments of this invention, as is known in the art. 
Alternatively, non-photo- imageable material may be used, 
with pigment or dye, as the color filters 101 - 103 and 
layer 104. 

Figure 2 is a top view of drain address lines 5 of 
the Figure 1 AMLCD 2 illustrating how extensions of 
address lines 5 form drain electrodes 13 of TFTs 9. Each 
TFT 9 in the array includes source electrode 15, drain 
electrode 13, and corresponding gate electrode 17. Gate 
electrode 17 of each TFT 9 is formed by the corresponding 
gate address line 7 adjacent the TFT according to certain 
embodiments of this invention. In other embodiments 
(e.g. see Figure 6), gate electrode 17 for each TFT may 
be formed by a branch extending substantially 
perpendicular to the gate address line. Herein, a source 
electrode is defined as the TFT' ..electrode that is in 
communication with the pixel electrode. 

Figure 3 is a top view illustrating pixel electrodes 
3 in solid lines (absent their extension portions 38) and 
the corresponding color filters 101 - 103 in broken 
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lines. Figures 2-3 are provided so that Figure 1 may 
be more easily interpreted. As shown in Figure 3, the 
exterior periphery of each color filter 101 - 103 extends 
beyond the outer periphery of the corresponding pixel 
electrode 3, so that each color filter 101 - 103 (and 
layer 104) defines a greater surface area than the 
corresponding pixel electrode 3. As a result of this 
difference in surface area, the layers 101 - 104 act as 
superior insulators, each with a thickness of from about 
1.0 - 3.0 //m in the areas 18 of overlap between the pixel 
electrodes and the corresponding address lines, so as to 
reduce cross-talk and the coupling capacitance between 
the pixel electrodes 3 and overlapped address line(s) in 
the high aperture LCD. 

Figure 4 is a side elevational cross-sectional view 
of a single TFT 9 (in a red pixel) in the TFT array of 
the Figure 1 AMLCD 2, with each TFT 9 in the array being 
substantially the same as the one. shown in Figure 4 
according to certain embodiments. Each TFT 9 has a 
channel length W L" defined by the gap 27 between source 
electrode 15 and drain electrode 13. Source electrode 15 
is connected to pixel electrode 3 by way of via or 
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contact hole 35 defined in red color filter 101 so as to 
permit TFT 9 to act as an isolating switching element and 
selectively energize a corresponding pixel/pixel 
electrode in AMLCD 2 in order to provide red image data 
to a viewer. An array of TFTs 9 is provided as 
illustrated in Figure 1 for the AMLCD, with the color 
filters being different colors in different color pixels. 
Alternatively, diodes may be used as isolating switching 
elements instead of TFTs. 

Each TFT 9 structure includes substantially 
transparent active substrate 19 (e.g. made of glass) , 
metal gate electrode 17, gate insulating layer or film 
21, semiconductor layer 23 (e.g. intrinsic amorphous 
silicon), doped semiconductor contact layer 25, drain 
electrode 13, source electrode 15, insulating color 
filter or layer 101, 102, 103, or 104, and a 
corresponding pixel electrode 3. TFT channel 27 of 
length *L" is defined between source 15 and drain 13 . 

Because the color filters (and layer 104) are 
patterned in different colored arrays on the active 
plate, the filters, as shown in Figure 4, do not entirely 
overlap the whole drain electrode 13, but instead only 
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overlap a substantial portion (e.g. greater than about 
25% of the drain electrode) thereof along with the TFT 
channel 27 so as to insulate them from electrode 3 that 
also does not overlap the entire drain electrode. As 
shown in Figure 4, the pixel electrode 3 in each pixel 
does not even overlap the drain electrode in this 
embodiment, although it may in some embodiments. 
Optionally, in certain embodiments, the filters 101 - 
103, and layer 104, may overlap the entire TFT structure 

in each pixel . 

If the TFT structure illustrated in Figure 4 was for 
the red pixel illustrated in Figure 1, then the 
insulating layer 101 between the pixel electrode 3 and 
the TFT and address lines would be red insulating color 
filter 101. Likewise, if the TFT structure illustrated 
in Figure 4 was for the green pixel of Figure 1, then the 
insulating layer would be represented by color filter 
102, and if the TFT structure was for the blue pixel, 
then the insulating layer would be represented by blue 
color filter 103. If Figure 4 was for a white pixel, the 
insulating layer 104 would be clear. It is pointed out 
that the color filters 101, 102, 103, (and layer 104) 



24 



o o 

cover the channel 27 of the TFT, but only partially cover 
or overlap the corresponding drain electrode 13, 2 9 in 
certain embodiments. 

As illustrated in Figure 4, drain electrode 13 is 
made up of drain metal layer 2 9 (e.g. Mo) which is 
deposited on active substrate 19 over top of doped 
contact layer 25. Contact film or layer 25 may be, for 
example, amorphous silicon doped with an impurity such as 
phosphorous (i.e. n+ a-Si) and is sandwiched between 
semiconductor layer 23 and drain metal layer 29. Source 
electrode 15 includes doped semiconductor contact layer 
25 and source metal layer 31. Metal layers 29 and 31 may 
be of the same metal and deposited and patterned together 
according to certain embodiments of this invention. 
Alternatively, layer 29 may be deposited and patterned 
separately from layer 31 so that drain metal layer is of 
one metal (e.g. Mo) and source metal layer 31 is of 
another metal (e.g. Cr) across the array. 

Figures 6(a), 6(b), 6(c), and 11 illustrate AMLCD 2 
according to another embodiment of this invention [Figure 
11 does not show the pixel electrodes 3]. This 
embodiment differs from the Figure 1 embodiment in that 
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across substantially the entire display viewing area on 
the active plate, the columns (or rows) of pixels between 
respective drain address lines 5 extending in one axial 
direction are each of a single color. For example, as 
illustrated in Figures 6 (a) and 11, column 111 of pixels 
on the display area includes only red pixels with a 
single red color filter strip 101, while column 112 of 
pixels includes only green pixels with a single green 
filter strip 102, and column 113 includes only blue 
pixels with a single blue filter strip 103. Therefore, 
red color filter material 1 may be deposited and 
patterned on the active substrate into a plurality or 
array of elongated strips which correspond to the red 
pixel columns, thereby eliminating the need to pattern 
each red pixel filter individually as a square. 
Therefore, because the materials 101 - 104 are only 
patterned into elongated columns (or rows) extending in 
one axial direction, gaps U P" exist over top of, and 
along the length of, one set of address lines, but not 
the other set which remains covered for the most part. 
The green and blue color filter materials 102 - 103 are 
also patterned into columns as illustrated. 
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As illustrated in Figures 6(a) and 11, gaps "P" 
between adjacent different colored filter materials are 
present along substantially the entire lengths of the 
column lines (drain lines 5) , while gate address lines 7 
are for the most part covered up entirely with the 
insulating color filter materials, except for very small 
areas proximate the drain lines 5 where the gap "P" 
exists between adjacent color filters. 

Referring to Figure 6 (a) , each pixel also includes 
the storage capacitor including contact hole 36 through 
which the corresponding pixel electrode 3 contacts the 
upper molybdenum electrode 12 of the storage capacitor. 
The bottom electrode of each storage capacitor is formed 
by a gate line 7. Figure 6(a) illustrates only three 
pixels, red, green, and blue, proximate one edge 121 of 
the viewing area. As will be appreciated by those of 
skill in the art, hundreds, if not thousands, of 
different colored pixels extended across the entire 
viewing area, with each material 101 - 104 extending and 
being patterned into an array of strips across same. For 
example, red color filter 101 that is illustrated in 
Figure 6(a) extends downwardly in direction 122 across 
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the entire display viewing area (see Figure 11) , as do 
filter strips 102 and 103. If white pixels are present, 
clear layer 104 strips will also be included. Also 
illustrated in Figure 6(a) at the bottom of each of the 
three pixels, are the storage capacitors which correspond 
to the colored pixels below those illustrated. 

Another difference between the Figure 6(a) - 6(c) 
embodiment relative to the Figure 1 embodiment, is that 
in the Figure 6(a) - 6(c) embodiment the gate electrode 
17 of each TFT is formed as a perpendicular extension 
which protrudes from a gate line 7. Meanwhile, the drain 
electrode 13 of each TFT is formed as a perpendicular 
extension which protrudes from the edge of a respective 
drain address line 5. Pixel electrodes 3 contact source 
electrodes 15 through contact holes 35 which are 
illustrated in Figures 6(a) and 11 with "X" sectioning. 

Figure 6(b) is a side cross -sectional view of the 
active plate of Figure 6(a), taken along viewing line A-A 
with Figure 6 (b) also illustrating liquid crystal layer 
45 and the common electrode 49 which is disposed on the 
passive substrate 51. 
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Figure 6 (c) is a side cross-sectional view of the 
active plate of Figure 6(a), taken along viewing line B- 
B . 

Referring to Figures 1-11, color filters 101 - 103, 
and clear layer 104, each have a dielectric constant less 
than or equal to about 5.0 (preferably less than or equal 
to about 4.0, and even more preferably less than or equal 
to about 3.0) according to certain embodiments of this 
invention, and are deposited and patterned on active 
substrate 19 so as to at least partially cover the TFTs 9 
and at least one of address lines 5 and 7 in overlap 
areas.- These low dielectric constant values have been 
found to reduce cross-talk and reduce line-pixel 
capacitance values, both of which are desirable results. 
For example, the red color filters 101 may be formed on 
substrate 19 by depositing red color filter layer 101 and 
thereafter patterning same via known photolithography 
and/or etching so as to form the- various red color f ilter 
strips or squares 101 across the substrate in the red 
pixel areas. Thereafter the green color filter strips or 
squares 102 may be formed by depositing a layer of the 
green color filter material on substrate 19 and 
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thereafter patterning same via photo -imaging or the like 
so as to form the array of green color filter strips or 
squares 102 on the substrate . . The blue color filter 
strips or squares may be formed in a similar manner as 
may the array of clear insulators 104. 

Each color filter 101 - 103 may be formed of a color 
dye or pigment inclusive photo- imageable material such as 
a filter material available from Fuji [Olin 
Macroelectronics Materials, Rhode Island] known as Color 
Mosaic™, red, green, and blue, product Nos . CR-6200L, CG- 
6030L, and CB-6030L respectively. The refractive index 
of each color filter is, for example, for the red color 
filter 1.60, for the green 1.52, and for the blue 1.83. 
Generally, the refractive index of each color filter 101 
- 103 is from about 1.50 to 2.00. The photo- imageable 
nature of the color filters 101 - 103, and clear layer 
104, permits vias or contact holes 35 to be formed 
therein and also simultaneously'allows the color filters 
to be patterned on the active substrate. Optionally, 
vias or contacts holes 36 may also be simultaneously 
formed in the color filters so as to allow formation of 
the storage capacitors . 
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top of the TFTs 9 and" address lines 5, 7, vias 35 are 
formed in the color filters 101 - 103, and layer 104, by 
way of either photo -imaging, wet etching,, or dry etching 
in other embodiments. The color filters and layer 104, 
in photo- imageable embodiments, act as negative working 
resist layers so that UV exposed areas remain on the 
substrate and areas unexposed to UV during photo -imaging 
are removed during developing. Optionally, vias or 
contact holes 36 may also be formed at this time. 
Following the forming of the vias or contact holes in the 
different patterned filters 101 - 103, and layer 104, 
substantially transparent pixel electrodes .3 (e.g. made 
of indium tin oxide or ITO) are deposited and patterned 
over the color filters 101 - 103 and layer 104 on the 
active plate so that each pixel electrode 3 contacts the 
corresponding source metal layer 31 of the corresponding 
TFT 9 through a Via 35 as illustrated in Figures 4 and 6 . 

The thickness of each color .filter 101 - 103 (and 
layer 104) may vary according to certain embodiments of 
this invention. For example, red color filters 101 may 
be thinner than green color filters 102 or vice versa, 
with blue 103 being thicker than both the red and green 
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filters. In preferred embodiments, the thickness u d" of 
each color filter ranges from at least about 1.0 yum in 
overlap areas 18. In other embodiments, the thickness 
w d" of each color filter is from about 1.0 to 3.0 jum, and 
preferably from about 1.5 - 2.5 /^m. The thickness of all 
of the strips or layers 101 - 104 may be substantially 
the same ir\ certain embodiments. 

Because, of the low dielectric constant e and/or 
relatively high thickness of each color filter 101 - 103 
and layers 104, the capacitive cross-talk problems of the 
prior art resulting from overly high C PL values are 
substantially reduced in overlap areas 18 where the pixel 
electrodes 3 overlap the address lines and/or TFTs . 
Meanwhile, due to the certain overlapping between address 
line(s) and color filters/pixel electrodes, the possible 
liquid crystal disclinations at the pixel edges will be 
substantially overcome. Furthermore, the manufacturing 
of these displays is improved (i~-e. the total number 
and/or complexity of the steps is reduced) , as the number 
of total process steps on both active and passive plates 
is reduced. Also, it is easier to align the opposing 
plates. Because the color filters are disposed between 



the pixel electrodes and the address lines in the overlap 
areas 18, the capacitive cross-talk problems of the prior 
art are substantially reduced or eliminated, and 
increased pixel openings are achieved without sacrificing 
display performance (pixel isolation) . 

Pixel opening sizes or the pixel aperture ratio of 
AMLCD 2 is at least about 65% (preferably from about 68% 
to 80%) according to certain embodiments of this 
invention when the pixel pitch is a reference of about 
150 im. The pixel aperture ratio will, of course, vary 
depending upon the pixel pitch of the display (pixel 
pitch is from about 40 - 500 m may be used) . Pixel 
electrodes 3 overlap address lines 5 and/or 7 along the 
edges thereof as shown in Figure 1 by an amount of up to 
about 3.0^. in certain preferred embodiments of this 
invention, the overlap 18 of electrodes 3 over the edges 
of the address lines is designed to be from about 2 to 3 
^ with the end result after over-etching being at least 
about 0.5 According to certain other embodiments of 

20 this invention, the amount of overlap may be designed to 
- be from about 2 - 3 /<«, with the resulting post- 
processing overlap being, from about 0 . 1 to 2 . 0 m . The 
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overlap amount between the address lines and pixel 
electrodes may be adjusted in accordance with different 
LCD applications and pixel pitch sizes as would be 
appreciated by those of skill in the art. 

With regard to the overlap amount of the color 
filters 101 - 103, and layer 104, over the address lines 

i v- filters 101 - 103, and layer 104, overlap 
5, 7, the color filters j.ux 

«-^r- dearee than do the 
the address lines to a greater aegre 

corresponding pixel electrodes 3. For example, color 
filter 101 in the red pixel of Figure 1 may overlap a 

-i • ~ ic =,nrl/or 7) by about 1-° ^ m 
corresponding address line (5 and/or n Y 

wh ile the pixel electrode 3 of that pixel only overlaps 
the same address line by about 0.5 ,m. The patterned 

~ /-n-f filters 101 - 103 and 
substantially co-planar arrays of £ rlters 

, layer 104 are all characterized by these traits. 

In certain situations. a£ter etching and processing. 
pix el electrodes 3 -y not overiap the address lines at 
all while the filters do still overlap the line (s, 
according to certain embodiments of this invention. 
!0 although some overlap by both is preferred. when no 

overlap by the pixel electrodes 3 occurs, the parasitic 
capacitance C. between the address lines and the accent 
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pixel electrodes 3 is still minimized or reduced due to 
the insulating function of the color filters 101 - 103 
and clear layer. 104, which do overlap the address lines. 

' Referring now to Figures 1-11, it will be 
described how AMLCD 2 including the array of TFT 
structures and corresponding address lines is made or 
manufactured according to one embodiment of this 
invention. First, substantially transparent active 
substrate 19 is provided. Next, a gate metal layer or 
sheet (which results in gate electrodes 17) is deposited 
on the top surface (the surface which faces the liquid 
crystal layer) of substrate 19 to a thickness of from 
about 1,000 - 5,000 A, most preferably to a thickness of 
about 2,500 A. The gate metal sheet is deposited by way 
of sputtering or vapor deposition. The gate metal may be 
of tantalum (Ta) according to certain embodiments of this 
invention. Insulating substrate 19 may be of glass, 
quartz, sapphire, or the like. 

The structure including active substrate 19 and the 
deposited gate metal is then patterned by 
photolithography to the desired gate electrode 17 and 
gate address line '7 configuration. The upper surface of 
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the gate metal is exposed in a window where the 
photoresist has not been retained. 

The gate metal (e.g. Ta) layer is then dry etched, 
(preferably using reactive ion etching or RIE) in order 
to pattern the gate metal layer in accordance with the 
retained photoresist pattern. To do this, the structure 
is mounted in a known RIE apparatus which is then purged 
and evacuated in accordance with known RIE procedures and 
etchants. This etching of the gate metal layer is 
preferably carried out until the gate metal is removed in 
center areas of the window and is then permitted to 
proceed for an additional time (e.g. 20 to 40 seconds) of 
overetching to ensure that the gate metal is entirely 
removed from within the windows. The result is the gate 
address lines 7 (and gate electrodes 17) being left on 
active substrate 19. In the Figure 6 embodiment, the 
gate electrode 17 are formed as extensions which protrude 
from the gate lines 7, while in Figures 1 and 4 the gate 
electrodes are part of the actual gate lines 7. 

After address lines 7 and electrode 17 are deposited 
and patterned on top of substrate 19, gate insulating or 
dielectric layer 21 is deposited over substantially the 
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entire substrate 19 preferably by plasma enhanced 
chemical vapor deposition (CVD) or some other process 
known to produce a high integrity dielectric . The 
resulting structure is shown in Figure 7. Gate 
insulating layer 21 preferably includes silicon nitride 
but may also include silicon dioxide or other known 
dielectrics. Silicon nitride has a dielectric constant 
of about 6.4. Gate insulating layer 21 is deposited to a 
thickness of from about 2,000 - 3,000 A (preferably 
either about 2,000 A or 3,000 A) according to certain 

embodiments. 

It is noted that after anodization (which is 
optional) , gate Ta layer 17 which was deposited as the 
gate electrode 17 and gate line 7 layer (when originally 
about 2,500 A thick) is about 1,800 A thick and a newly 
created Ta 2 O s layer is about 1,600 A. Anodization takes 
place after the gate line patterning and before further 
processing. Thus, gate insulating, layer 21 over gate 
lines 7 and electrodes 17 is made up of both the 
anodization created Ta 2 O s layer and the silicon nitride 
layer. Other metals from which gate electrode 17 and 



38 



o o 



address lines 7 may be made include Cr. Al, titanium, 
tungsten, copper, and combinations thereof. 

After gate insulating layer 21 has been deposited, 
semiconductor (e.g. intrinsic a-Si) layer 23 is deposited 
on top of gate insulating layer 21 to a thickness of 
about 2,000 A (see Figure 8) . Semiconductor 23 may be 
from about 1,000 A to 4,000 A thick in certain 
embodiments of this invention. Then, doped (typically 
phosphorous doped, that is n + ) amorphous silicon contact 
layer 25 is deposited over intrinsic a-Si layer 23 in a 
known manner as shown in Figure 8 to a thickness of, for 
example, about 500 A. Doped contact layer 25 may be from 
about 200 A - 1,000 A thick according to certain 
embodiments of this invention. 

Gate insulating layer 21, semiconductor layer 23 and 
semiconductor contact layer 25 may all be deposited on 
substrate 19 in the same deposition chamber without 
breaking the vacuum in certain embodiments. When this is 
done, the plasma discharge in the chamber is stopped 
0 after the completion of the deposition of a particular 
• layer (e.g. insulating layer 21) until the proper gas 
composition for deposition of the next layer (e.g. 
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semiconductor layer 23) is established. Subsequently, 
the plasma discharge is re-established to deposit the 
next layer. Alternatively, layers 21, 23, and 25 may be 
deposited in different chambers by any known method. 
5 Following the formation of the Figure 8 structure, 

the TFT island or area may be formed by way of etching, 
for example, so that the TFT metal layers can be 
deposited thereon. Optionally, one of the TFT metal 
source/drain layers may be deposited before forming the 
10 island. 

According to certain embodiments, following the 
formation of the TFT island from the Figure 8 structure, 
a source-drain metal sheet or layer (which results in 
drain metal layer 29 and source layer 31) is deposited c 
15 substrate 19 over top of semiconductor layer 23 and 

contact layer 25. The result is TFT structure 9 with 
channel 27 (after patterning) is shown in Figure 9. 

Red color filter insulating layer 101 is then 
deposited onto substantially the entire substrate 19 by 
20 way of spin coating or printing according to certain 
embodiments of this invention. Layer 101 may be, for 
example, of red pigment or red dye inclusive photo- 
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imageable material in certain embodiments. Layer 101 
fills recesses generated upon formation of TFTs 9 and . 
flattens the surface above substrate 19 at least about 
60% according to certain embodiments . 
5 The photo -imageable color filter layer 101 acts as a 

negative resist layer according to certain embodiments of 
this invention so that no additional photoresist is 
needed to pattern the layer 101 into the array of red 
color filters 101 and to form vias 35 and/or 36 in the 
10 layer. In order to pattern layer 101 and form vias 35 
and/or 36, the layer is irradiated by ultraviolet (UV) 
rays (e.g. I-line of 365 nm) , with UV irradiated areas of 
layer 101 remaining on the substrate and non-exposed, or 
non- radiated areas of the layer being removed during 
15 developing. A mask may optionally be used. Thus, the 
areas of the negative resist 101 corresponding to the 
vias and areas to be removed are not exposed to the UV 
radiation, while the rest of the "layer which will result 
in the color filters is exposed to UV. 
20 Following exposure of layer 101, the layer is 

developed by using a known developing solution at a known 
concentration. In the developing stage, the areas of 
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layer 101 corresponding to vias 35 and/or 3 6 and the 
remainder of the active area where the filter is not to 
be present are removed (i.e. dissolved) so as to. pattern 
the red color filters 101 on the active substrate and 
form vias 3 5 and/or 3 6 in same. After developing, the 
resist layer 101 is cured or subjected to post-baking 
(e.g. about 24 0° C. for about one hour) to eliminate the 
solvent so that the layer therein is resinified. Thus, 
no dry or wet etching is needed to form the vias and 
pattern layer 101 into the plurality of color filters 101 
which take the form of strips in the Figure 6 embodiment, 
and the form of squares in the Figure 1 embodiment. 
According to alternative embodiments, layer 101 may be a 
positive resist as opposed to a negative resist in photo- 
imageable embodiments. Alternatively, the color filter 
layers may be non-photo- imageable in some embodiments. 

Vias or contact holes 3 5 are thus formed in 
insulation color filters 101 over' top of, or adjacent, 
each source metal electrode 31 so as to permit the 
corresponding pixel electrodes 3 to electrically contact 
corresponding source electrodes 15 through vias 3 5 in the 
red color filters 101. The color filters remains across 
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the entire area of each red pixel and each overlaps at 
least one of the adjacent address lines as shown in 
Figure 1 . 

After the red color layer 101 is formed and 
patterned on active substrate 19 as discussed above, the 
green and blue color filter layers 102 and 103, 
respectively, are formed on the substrate 19 and 
patterned in the same manner so as to form the arrays of 
green and blue color filters 102 and 103 in the green and 
blue pixel . areas of the AMLCD. The green and blue color, 
filters 102 and 103 are formed and provided on the . 
substrate in a manner similar to the red color filters 
101 discussed above. Other clear strips 104 may be 
formed and patterned on substrate 19 in a similar manner 
if white pixels are desired. Optionally, the red color 
filters do not have to be formed first. For example, the 
color filters could be formed in the. following order: 
green, blue, and red; or blue, green, and red. Any order 
may suffice. 

After all color filters are formed and patterned on 
substrate 19, a substantially transparent conducting 
layer (e.g. ITO) which results in pixel electrodes 3 is 
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deposited and patterned (e.g. photo-masked and etched) on 
substrate 19 over top of the color filters. After 
patterning (e.g. mask and etching) of this substantially 
transparent conducting layer, pixel electrodes 3 are left 
as shown in Figures 1, 3, 4, 5, and 6. As a result of 
the vias or contact holes 35 formed in the color filters, 
each pixel electrode 3 contacts a corresponding TFT 
source electrode 31. When contact holes 36 are provided, 
each pixel electrode 3 contacts a storage capacitor 
electrode 12. The result is the active plate of Figures 
1, 4, and 6, including an array of TFTs . The pixel 
electrode layer, when made of ITO, is deposited to a 
thickness of from about 300 A to 900 A (preferably about 
600 A) according to certain embodiments of this 
invention. Other known materials may be used as pixel 
electrode layer 3 . 

The instant inventors have found surprisingly that 
the thickness of the metal pixel 7 electrode layer (and 
pixel electrodes 3) should be from about 300 A - 900 A in 
this invention, because of the need to reduce the 
interface stress between the pixel electrodes (e.g. ITO) 
and materials 101 - 104. 
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After formation of the active plate, liquid crystal 
layer 45 is disposed and sealed between the active plate 
and the passive plate as shown in Figure ,5, The passive 
plate includes substrate 51. polarizer 53, common 
electrode 49. and orientation film 47. Meanwhile, the 
active plate includes thereon polarizer 41. orientation 
film 43. and the structure illustrated in Figures 1. 4, 
and 6 (noting that Figures 4 and 6 are different 

embodiments) . 

As shown in Figures 1, 6(a), 6(b), and 6(c), the 
pixel electrodes 3 and the color filters 101 - 103 (and 
la yer 104) are patterned to a size so that they overlap 
b oth drain address lines 5 and gate address lines 7 along 
the edges thereof so as to result in an increased pixel 
aperture ratio for AMLCD 2. The cross-talk problems of 
the prior art are substantially eliminated due to the 
presence of the color filters . in overlap areas 18 between 
the pixel electrodes and address lines. Alternatively, 
the pixel electrodes need only overlap one group of 
„ address lines (e.g. column lines) according to certain 
embodiments. 
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Figure 5 is a side cross -sectional view of AMLCD 2 
(of Figure 1 or of Figure 6) , absent the TFTs , color 
filters, address lines, etc. As shown,, the twisted 
nematic display includes from the rear forward toward the 
viewer, rear polarizer 41, substantially transparent 
active substrate 19, pixel electrodes 3, rear orientation 
film 43, twisted nematic liquid crystal layer 45, front 
orientation film 47, common electrode 49, front 
substantially transparent substrate (passive substrate) 
51, and finally front polarizer 53 . Optionally, 
patterned black matrix/ anti-refractive layer may be 
inserted between substrate 51 and common electrode 4 9 in 
order to reduce the possible refraction and/or reflection 
from the uncovered address lines, and shield TFTs from 
ambient light. Alternatively, a black matrix may be 
provided on address lines and TFTs before deposition of 
any polymer material is provided ( i . e . on the active 
plate) . Polarizers 41 and 53 may -be arranged so that 
their transmission axes are either parallel or 
perpendicular to each other so as to define a normally 
black or normally white colored AMLCD respectively. 
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Optionally, retarders may also be provided between 19 and 
polarizer 41 and/or 51 and polarizer 53. 

Typically, a backlight is provided rearward of 
polarizer 41 so that light emitted therefrom first goes 
through polarizer 41, then through LC layer 45, and out 
of polarizer 53 toward the viewer. Pixel electrodes 3 
selectively work in conjunction with common electrode 49 
so as to selectively apply voltage across LC layer 45 in 
different pixels so as to cause an image to be viewed 
from the front of the display. 

Exemplary line pixel capacitance values according to 
this invention range from about 4.5 to 10.0 fF when the 
overlap distance is from about 1 - 2 yxn. Compare these 
values with a conventional coplanar LCD in which the 
pixel electrodes are substantially coplanar with the 
address lines and spaced therefrom, such a conventional 
LCD having a line pixel capacitance of about 11.8 fF when 
the electrodes are spaced laterally from the address 
lines by about 5 pcm, and about 9.6 fF when the lateral 
spacing is about 10/^m. Thus the high aperture LCDs 
discussed herein have higher pixel aperture ratios than 
conventional LCDs without suffering from substantially 
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higher line pixel capacitance values. The capacitance 

values herein takes into consideration the fringing 

capacitance in a known manner. 

The line pixel capacitance is less than about 2 0 fF, 

preferably less than or equal to about 12 fF, and most 
preferably less than or equal to about 7.0 f F according 
to this invention with the overlapped areas and high 

pixel apertures . 

The line-pixel capacitance values (and insulating 
materials) of this invention are similar to those 
disclosed in Chart 1 of U.S. Patent No. 5,641,974, the 
disclosure of which is incorporated herein by reference. 

The color filters disclosed herein have transmission 
characteristics so that the pixels and LCD having viewing 
characteristics (e.g. contrast ratios and inversion 
characteristics) as described in U.S. Patent No. 
5,594,568 and 5,570,214 when the retarder configurations 
claimed therein are used, the disclosures of which are 
hereby incorporated herein by reference. 

Once given the above disclosure, many other 
features, modifications, and improvements will become 
apparent to the skilled artisan. Such other features, 
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modifications/ and improvements are, therefore, 
considered to be a part of this invention, the scope of 
which is to be determined by the following claims. . 
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